(-CO. NH-) involved in the molecular configuration of these chemicals would bear some significance for the facet-increasing capacity.
Beside these chemicals, it is stated that the cephalic complex may also be concerned with the size of the eye. Krafka (1924) who studied the development of the compound eye in D. melanogaster, noticed that the optic ganglion of B fly was less than half of the wild fly in diameter. A similar but a more detailed study on B fly of D. melanogaster was performed by Pow~r (1943) , who found that the reduction in facet number of the compound eye was correlated with the reduction in inner glomerulus, middle glomerulus and external glomerulu.s. These results imply that the size of the eye seems to be controlled by some genetic actions through the cephalic complex which is an organ secreting the metamorphic hormone, since the compound eye is formed during the post larval and whole pupal stages under the hormonal control of the cephalic complex.
It was difficult, however, to ascertain with the feeding method how the facetincreasing substances and the cephalic complex act on the developmental process of the eye. To solve these problems, the eye-antennal discs and the cephalic complexes taken out from the mature third-instar larvae of melanogaster were cultured in vitro in synthetic media substances.
several eye-mutant strains of D.
containing these facet-increasing
Material and Methods
In the present experiment Oregon-R strain was used as a wild type and B, B(bb)-1 B(coiso), B;e"(coiso), bar-3 (coiso), eye (coiso), Dp, strains as the eye-mutants. Those were isogenic and maintained for several generations by one to one coatings. Cultures of eye-antennal discs were carried out by the methods devised by Kurodsa (1956) . Newly laid eggs were sterilized with 0.05% HgC12 solution dissolved in 70% ethylalcohol for 30 minutes, and then transferred to autoclaved food bottles consisting of malted rice, sugar, yeast powder, and agar. Third-instar larvae (about 95 hours old after hatching at 25°C) grown under sterile conditions were dissected on a depression slide with a sterilized physiological salt solution and eye-antennal discs or cephalic complexes were removed under a binocular in a glass sterilizing chamber. The eye-antennal discs and the cephalic complexes were cultured in a synthetic medium (K-6) at 25°C in hanging drops using the cover slip method. The components of the synthetic medium used for culture are shown in Table 1. Ammonium lactate, acetamide and urea known as the facet-increasing substances were added to the syntheti media in concentrations of 0.1 mM and 1 mM respectively.
The cultured eye-antennal discs were observed after an incubation of 48 hours under a microscope.
Results I) Effects of the cephalic complexes on the eye-antennal discs In the wild type, Oregon-R, the eye-antennal discs cultured together with the cephalic complexes showed more complete growth and differentiation than they were cultured alone. In eye-mutant strains, however, the eye-antennal discs of B, B(bb)-1, B(coiso), B;ehl(coiso), bar-3(coiso), ey2(cosio), or of D~ scarcely showed the growth and differentiation when they were cultured together with or without the cephalic complexes of their own strains. The cephalic complexes of eye-mutant larvae seem to have potentialities to make the reduced eyes. When the eye-antennal discs of Oregon-R were cultured together with the cephalic complexes of B, B (bb)-1, B (coiso), B; ell(coiso), or of D~ larvae, little growth and differentiation of the eye-antennal discs were observed. However, when the eye-antennal discs of Oregon-R were cultured together with the cephalic complexes of bay-3 (coiso) or eye (coiso) larvae, slight growth and differentiation of eye-antennal discs were observed. These facts suggest that in the cephalic complexes of these eye-mutant strains may be involved a factor which promotes the growth and differentiation of the eye-antennal discs of the eye-mutants.
On the other hand, when the eye-antennal discs of B, B(bb)-1, B(coiso), B,e" (coiso), bay-3 (coiso), or of ey2(coiso) larvae were cultured together with the cephalic complexes of Oregon-R larvae for 48 hours, the growth and differentiation similar to the wild type was observed in the mutant eye-antennal discs. However, when the eye-antennal discs of D~ larvae were cultured together with the cephalic complexes of Oregon-R larvae, little growth and differentiation similar to wild type was observed.
Results obtained from these experiments are summarized in Table 2 . It seems that the cephalic complexes of Oregon-R larvae have effects of shifting the development of the mutant eyes into the wild type. II) Effects of the facet-increasing substances on the eye-antennal discs of several strains, which were cultured together with or without their own cephalic complexes To ascertain whether the facet-increasing substances have effects on the cultured eye-antennal discs or not, the eyeantennal discs were cultured together with or without the cephalic complexes in synthetic media containing ammonium lactate, acetamide, or urea. Results obtained from these experiments are shown in Table 3 . Ammonium lactate and acetamide in the concentration of 1 mM or 0.1 mM showed significant effects upon the growth and differentiation of eye-antennal discs of B (coiso), B; ell (coiso), bay-3 (coiso), and ey2(coiso), cultured together with their own cephalic complexes, although these substances showed no effects upon those of B, B (bb)-1, or Dp. These results seem to indicate that ammonium lactate and acetamide act on the eyeantennal discs through the genetical back grounds of the Oregon-R strain. On the other hand, when the eye-antennal discs of several strains were cultured alone, neither. ammonium lactate nor acetamide showed any effect upon the growth and differentiation.
1 mM urea did not show any marked effect upon the growth and differentiation of the eye-antennal discs cultured alone, but it had effects when the eye-antennal discs were cultured together with the cephalic complexes in all strains except Dp. It was found that polypeptone also showed pronounced effects as well as urea in all strains except D.
It may be concluded that among chemicals used ureas and polypeptone have most pronounced effects upon the eye-antennal discs of eye mutant larvae to shift the growth and differentiation into the wild type, and that the facetincreasing substances act only on the growth and differentiation of eye-antennal discs in the presence of the cephalic complexes.
III) Effects of the facet-increasing substances on the eye-antennal discs of Oregon-R which were cultured together with the cephalic complexes of several strains
In order to investigate whether these chemicals act on eyeantennal discs directly or indirectly through the cephalic complexes, the eye-antennal discs of Oregon-R larvae were cultured together with the cephalic complexes of several strains in media containing these chemicals.
As shown in Table 4 , ammonium lactate and acetamide in the concentration of 1 mM or 0.1 mM promoted the growth and differentiation of the eye-antennal discs of Oregon-R, which were cultured together with the cephalic complexes of B (coiso), B;e"(coiso), bar-3 (coiso), or ey2(coiso) larvae, whereas these chemicals had no effects upon the eye-antennal discs of Oregon-R which were cultured together with the cephalic complexes of B or B(bb)-1 larvae. It is interesting to note here that the eye-antennal discs of Oregon-R larvae, which were cultured together with the cephalic complexes of Dp, showed the growth and differentiation similar to wild type with 1 mM of acetamide.
When 1 mM of urea was added to the synthetic medium, clear growth and differentiation in the eye-antennal discs of Oregon-R were observed in the presence of cephalic complexes of all strains except Dp. These results indicates that among these chemicals urea is most effective upon the eye-antennal discs of Oregon-R to promote the growth and differentiation of the wild type.
As a results obtained in these experiments, it can be concluded that the effects of these chemicals on the eye-antennal discs of several strains cultured together with their own cephalic complexes are similar to the effects of these chemicals on the eyeantennal discs of Oregon-R cultured together with the cephalic complexes of several strains, so that these chemicals seem to act on the eye-antennal discs through the cephalic complexes. 
Discussion
In many insects, some metamorphic phenomena such as molting, pupation, and emerging are controlled by hormonal action (Wigglesworth, 1954 , Williams, 1952 . It is well known that the compound eye is formed during the post larval and whole pupal stages under the hormonal control of the cephalic complex. Kuroda and Yamaguchi (1956) and Horikawa (1960) who used the tissue culture methods reported that the growth and differentiation of the eye-antennal discs were controlled by cephalic complexes.
In the present work, the eye-antennal discs showed more pronounced growth and differentiation when they were cultured together with five cephalic complexes than without any cephalic complex. The volume of the medium in a hanging-drops was about 0.03 ml. Therefore, the amount of the metamorphic hormone secreted from five cephalic complexes in a hanging-drop seems to be sufficient for the growth and differentiation of the eye-antennal discs.
When the eye-antennal discs of several eye-mutant larvae were cultured together with their own cephalic complexes, they showed the growth and differentiation characteristic for their own eye-mutant strains. But when the eye-antennal discs of Oregon-R larvae were cultured together with the cephalic complexes of several eyemutant larvae, they did not show the growth and differentiation of the wild type but showed the characteristics of the eye-mutants themselves. These results indicate that the cephalic complexes of several eye-mutant larvae seem to provide some unknown factors which promote the growth and differentiation characteristic for the eye-mutant strains, into the medium.
It was found that five cephalic complexes of Oregon-R larvae release the hormone which promote the growth and differentiation of the eye-antennal discs of various eyemutant larave except Dp. This fact indicates that the eye-antennal discs of D~ may be different from other eye-mutant strains in the responsibility to the cephalic complexes of the wild type.
It is interest to note that the facet-increasing substances such as ammonium lactate, acetamide, urea, and polypeptone have no effects upon the growth and differentiation of the eye-antennal discs cultured alone, although they have effects upon the growth and differentation of the eye-antennal discs cultured together with their own cephalic complexes. This fact indicates that these chemicals can act on the growth and differentiation of the eye-antennal discs only through the cephalic complexes.
Ammonium lactate and acetamide showed the significant effects upon the growth and differentiation of the eye-antennal discs in some strains with the genetical back grounds of the wild type when they were cultured with their own cephalic complexes, and those of the eye-antennal discs of Oregon-R cultured with the cephalic complexes of some strains with the genetical back grounds of the wild type. These facts seem to indicate that ammonium lactate and acetamide act on the eye-antennal discs through the cephalic complexes of some larvae with the genetical back grounds of the Oregon-R strain.
Furthermore, urea has effects upon the growth and differentiation of the eyeantennal discs of Oregon-R when they are cultured together with the cephalic complexes of several eye-mutant larvae.
Thus, it is assumed that the genertic action controlling the growth and differentiation of eye-antennal discs appears first on the cephalic complexes in these eyemutant strains.
When the eye-antennal discs of Dp larvae were cultured together with the cephalic compiexes of Oregon-R larvae, no growth and differentiation of the wild type were observed. When acetamide was added to synthetic media, the growth and differentiation of the wild type were not observed in the eye-antennal discs of Dp cultured together with the cephalic complexes of Dp, but they were observed in the eyeantennal discs of Oregon-R cultured together with the cephalic complexes of Dp. These results indicate that the eye-antennal discs of Dp mutant strain may be different from B. B(bb)-1, B(coiso), B;e"(coiso), bay-3(coiso), and eye (coiso) strains in the responsibility to the cephalic complexes of the wild type, although the cephalic complexes of the former strain may be similar to those of other strains. Horikawa (1960) suggested that the Dp strain might be different from either B or bar-3 strain in respect to the quantity of the metamorphic hormone. Thus, it seems that the genic action appears on both the eye-antennal discs and the cephalic complexes in the Dp strain.
The author wishes to express this hearty thanks to Prof. H. Kikkawa for his advice and encouragement. Thanks are also due to Dr. Y. Kuroda and Mr. M. Horikawa for their kind guidance and criticism of this work. Summary 1. In order to ascertain how the cephalic complexes or the facet-increasing substances act on the development of the eye, the eye-antennal discs and the cephalic complexes taken out from the mature third-instar larvae (95 hours old after hatching at 25°C) of several eye-mutant strains of D. melanogaster were cultured in vitro in synthetic media with or without the facet-increasing substances.
2. The amount of the metamorphic hormone secreted from five cephalic complexes in a hanging-drop seems to be sufficient for the growth and differentiation of the eye-antennal discs. The cephalic complexes of several eye-mutant larvae seem to provide some unknown factors promoting the growth and differentiation which are characteristic to srveral eye-mutant strains. 3. Ammonium lactate and acetamide showed the significant effects upon the growth and differentiation of the eye-antennal discs in some mutant strains with the genetical back grounds of the wild type, cultured together with their own cephalic complexes, and upon those of the eye-antennal discs of Oregon-R cultured together with the cephalic complexes of these mutant strains. 4. Urea showed most marked effects upon the eye-antennal discs of several strains except Dp to promote the growth and differentiation of the wold type. Polypeptone also had effects similar to urea on all strains except D5.
5. The eye-antennal discs of the Dp strain seems to be different from other eyemutant strains in the responsibility to the cephalic complexes of the wild type, although the cephalic complexes of this strain seems to be similar to other eyemutant strains in promoting the growth and differentiation of the eye-antennal discs of the wild type in media containing acetamide. Fig. 1 . Oregon-R eye-antennal disc cultured together with five of Oregon-R larvae in a synthetic medium. Fig. 2 . B (coiso) eye-antennal disc cultured together with five of B(coiso) larvae in a synthetic medium. Fig. 3 . B. (coiso) eye-antennal disc cultured together with five of B(coiso) larvae in a synthetic medium with 0.1 mM of acetamide.
A, At the begining. B, After 48 hours. . Oregon-R eye-antennal disc cultured together with five cephalic complexes of B larvae in a synthetic medium with 1mM of urea. Fig. 5 . Oregon-R eye-antennal disc cultured together with five cephalic complexes of eye (coiso) larvae in a synthetic medium with 1mM of acetamide. Fig. 6 . Oregon-R eye-antennal disc cultured together with five cephalic complexes of D larvae in a synthetic medium with 1mM of acetamide.
A, At the begining. B, After 48 hours.
